(2500/mm3) are often referred to haematology departments for investigation of neutropenia. It is difficult to interpret such results when the published lower limits of normal vary from as low as 1 x 109/1 (1000/mm3) to as high as 3 x 109/1 (3000/mm3) (Osgood et al., 1939; Engelbreth-Holm and Videbaek, 1948; Zarofonetis, 1952; Dacie and Lewis, 1968; Orfanakis et al., 1970; Zacharski et al., 1971) . We therefore decided to establish our own normal ranges, performing 500-cell differential counts and using the automated techniques which are now widely used for determining the total white cell count.
Methods
Venous blood samples were obtained from 100 male and 100 female hospital staff of European origin, aged between 18 and 60 years with median ages of 24 for the men and 25 for the women. Pregnant women, blood donors, and those with coughs, colds, and other minor infections were excluded though three postmenopausal women were included. Venepunctures were performed throughout the year. Altogether 72 men and 70 women were bled between 9.30 and 11.30 a.m., 26 men and 29 women between 2.30 and 4.30 p.m., and two men and one woman after 5 p.m. These times were selected for investigation as they are the times at which blood samples are usually obtained from hospital inpatients and outpatients. Venepunctures were not performed immediately after eating or after any unusual exertion.
The blood samples were anticoagulated with K, adetic acid, and counted on a Coulter counter, Model S, standardized with 4C Coulter counter cell control. Romanowsky-stained blood films were prepared and differential counts were performed on 500 cells, counting in longitudinal strips. All the counts were made by one observer.
STATISTICAL ANALYSIS
Total leucocyte count and absolute neutrophil, lymphocyte, and monocyte counts were found to be log normally distributed: a straight line was obtained when the cumulative frequency was plotted on a probability scale against the count on a logarithmic scale ( fig. 1) (Healy, 1968) . When eosinophil counts were plotted in this manner a curve was obtained with an upward concavity, but by using the method of Kapteyn (Gaddum, 1945) we found that the eosinophil count plus 16 gave a log normal distribution ( fig. 1) . By calculating the mean (t,) and the S.D. (a) of the logarithms of the counts the median count (exp (,u) ) and the 95% confidence limits (exp (,u) ± 1.96a) for the counts were derived. Sixteen was then subtracted from the median value and the confidence limits calculated for the eosinophil counts.
In many of the subjects the absolute basophil count was apparently zero because no basophils were seen in the 500-cell differential. It was therefore necessary to use the observed 50th percentile as the median and the 2-5 and We also reanalysed the results of Osgood et al. (1939) to compare with our own. Their total leucocyte count and absolute neutrophil and lymphocyte counts were log normally distributed, and 95% confidence limits were computed as above. For the absolute monocyte, eosinophil, and basophil counts many zero counts were recorded and it was necessary to use the observed 2-5 and 97 5 percentiles as the 95% confidence limits.
Results

NORMAL VALUES
The total leucocyte count was significantly higher in women than in men (P <0-001) due to a highly significant difference in the neutrophil counts (P <0 0001; table I). In both sexes the total leucocyte count and the neutrophil count were also significantly higher in the afternoon than in the morning (P <0 05). The 95% confidence limits for the neutrophil counts in women and men were, respectively, 1-861 x 10 1-6-821 x 109/1 (1861-6821/mm3) and 1-539 x 108-5-641 x 10'1/1 (1539-5641/mm3) in the morning and in the afternoon 2-137 x 108-7-836 x 108/1 (2137-7836/mm3) and 1775 x 108-6-508 x 108/1 (1775-6508/mm3) ( (table I) . The neutrophil counts of the women taking oral contraceptives were significantly higher than those of the men (P <0005), as were the counts of the women not taking oral contraceptives (P <0-001).
CORRELATION BETWEEN NEUTROPHIL AND MONOCYTE COUNTS
In both women and men there were significant correlations between the neutrophil and the monocyte counts in both the morning and the afternoon (women in the morning r=0-431, P<0-001; women in the afternoon r=0-470, P<0 05; men in the morning r=0-274, P <0 05; men in the afternoon r=0-628, P <0-001). This correlation, while being of great theoretical interest, explains only a small part of the observed variation in the monocyte count. No statistically significant correlations were found between the absolute counts of any other two white cell types.
Discussion
We observed a higher total leucocyte count in women than in men due to a highly significant difference in the absolute neutrophil count. Several workers have previously investigated leucocyte counts in men and women. One of the earliest studies was that of Osgood et al. (1939) , who observed that women had a slightly higher neutrophil count than men but that the observed difference was not statistically significant (table III) . Since then Heine et al. (1960) have reported that women have higher neutrophil counts than men, but Allan and Alexander (1968) claimed that women had significantly lower counts. Other workers have not related their results to the sex of their subjects or have studied subjects predominantly of one sex (Turner, 1956; Wintrobe, 1967; Orfanakis et al., 1970) .
There are several possible explanations for the difference in neutrophil counts between men and women. MacKinnon (1953) and Morley (1966) have suggested that there is a cyclical variation of the neutrophil count with the menstrual cycle. These findings imply that the level of oestrogen or progestogen may be an important factor in regulating the neutrophil count. A rise of the neutrophil count is also associated with increasing hormone levels in pregnancy. Furthermore, oestrogen levels correlate with the neutrophil count in women treated with follicle-stimulating hormone and chorionic gonadotrophin , and oestrogen seems to enhance granulocyte proliferation in vitro (Reisner, 1966) . Our small number of postmnenopausal women did not differ from the rest of the female group but studies of larger groups of postmenopausal women have shown a postmenopausal fall in the neutrophil count (Allan and Alexander, 1968; Cruickshank and Alexander, 1970) .
The difference in neutrophil counts between the men and the women was unrelated to oral contraceptive therapy; those Conversion: SI to Traditional Units-W.B.C.: 1 x 10'/l= 1000/mm3. l~~ women who were taking oral contraceptives did not have a higher neutrophil count than those who were not and both groups had counts which were significantly higher than those of the men. Our observations contrast with those of Pincus (1965) , who showed that oral contraceptives raised the neutrophil count. His subjects were taking preparations with 75-150 ,tg of oestrogen, however, whereas the oral contraceptives taken by our subjects contained 30-50 Ftg of oestrogen and also usually had a lower progestogen content. Our results also confirm earlier observations that the neutrophil count rises in the afternoon (Garrey and Bryan, 1935; Kennon et al., 1937) . We therefore suggest that it is important to consider both the sex and the time of day when deciding whether a neutrophil count is lower than normal. The lower limit of normal which is widely used is 2-5 x 109 neutrophils/l (2500/mm3). Our results show that this value is too high for either sex, particularly in the morning, when-for example, 31 % of our normal men had counts below this level.
Variation of the neutrophil count may also occur on a racial basis. For example, Shaper and Lewis (1971) have observed a mean neutrophil count of 1-96 x 109/1 (1960/mm3) in 250 male African blood donors. This value is lower than the mean value which we found in this study of Caucasians of European origin.
The values we have observed for the lymphocyte, monocyte, eosinophil, and basophil counts are similar to those in previously published series (table III) , and we have also confirmed earlier observations that the basophil count rises in the afternoon (Finch, 1972) . The correlation which we have noted between the monocyte and the neutrophil count was previously reported by Twomey et al. (1973) . This interesting correlation is consistent with the suggestions that neutrophils and monocytes either have a common precursor or have similar regulatory mechanisms.
